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A B S T R A C T
Our previous study showed that 6 months after total hip arthroplasty (THA) or total knee arthroplasty
(TKA), patients reported having less difﬁculty with daily activities, showed better functional capacity,
and performed activities in their natural environment faster compared to preoperatively. However, their
actual daily activity level was not signiﬁcantly improved. Six months is a rather short follow-up period
and the discrepancy in recovery among different aspects of functioning might be explained by this
limited duration of follow-up. The objective of the present study was to examine the recovery of different
aspects of physical functioning at a follow-up nearly 4 years after THA/TKA. Special attention was given
to the actual daily activity level, and whether it had increased 4 years after THA/TKA compared to 6
months postoperatively.
Seventy-seven (35 hip, 42 knee) patients who were measured preoperatively and postoperatively (6
months after surgery) in a previous study were invited to participate; 44 patients (23 hip, 21 knee)
agreed to participate. The 4-year follow-up data were compared with the preoperative and 6-month
postoperative data.
The daily activity level after 4 years was found to be actually lower than at 6 months post-surgery
(128 min vs. 138 min activity per 24 h; p-value 0.48). However, the patients continued to improve in
other aspects of physical functioning.
In conclusion, 4-year post-surgery patients continued to improve on perceived physical functioning,
capacity, and performance of activities in daily life. However, even in this relatively healthy study
population, patients did not adopt a more active lifestyle 4 years after surgery.
 2012 Elsevier B.V. All rights reserved.
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Total hip arthroplasty (THA) and total knee arthroplasty (TKA)
are cost-effective surgical options for patients with end-stage
osteoarthritis (OA) [1]. An important outcome measure of THA/
TKA is the recovery of physical functioning. Physical functioning is
a multi-dimensional construct covering various aspects of health,
as expressed in the International Classiﬁcation of Functioning,
Disability and Health (ICF) framework [2]. Physical functioning
encompasses such elements as actual daily activity in the natural
environment, perceived daily functioning, and functional capacity
to perform activities. Based on a systematic review of the
literature, we determined that the different aspects of physical
functioning have different patterns of recovery [3–8].* Corresponding author at: Department of Orthopaedics, Erasmus University
Medical Center, PO Box 2040, 3000 CA Rotterdam, The Netherlands.
Tel.: +31 10 7033642; fax: +31 10 7031002.
E-mail address: m.reijman@erasmusmc.nl (M. Reijman).
0966-6362/$ – see front matter  2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.gaitpost.2012.12.007This same principle can also be derived from results of our
previous studies of recovery of physical functioning 6 months after
THA/TKA [9–12]. In those studies, daily activities were objectively
measured with an Activity Monitor (AM). The results showed, as
expected, that patients on a waiting list for THA and TKA are
signiﬁcantly and clinically less active than healthy matched
controls. At 6 months post-surgery, patients improved on
perceived functioning, capacity, and performance of activities in
daily life; however, the level of daily activity was not improved [9–
12]. Thus, after THA or TKA, the recovery patterns of different
functional aspects can differ.
Length of follow-up is an important issue in recovery after
surgery. The discrepancy in recovery among different aspects of
functioning might be explained by the relatively short follow-up
period of 6 months. Establishment of a more active lifestyle may
require longer than 6 months [13,14]. For the other parameters, a
6-month follow-up period may also be too short. Numerous
follow-up studies after THA and TKA have been performed to
evaluate perceived physical functioning and capacity in the ﬁrst
year post-surgery [3,15–17]. Those studies showed that perceived
physical functioning and capacity further improved 6 months after
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post-surgery) is limited [3]. Furthermore, the above studies did not
measure one important aspect of physical functioning, namely
actual daily activity in the natural environment of the patients.
For surgeons, it is important to obtain insight into the recovery
of physical functioning over a longer period after surgery.
Speciﬁcally, it is important to know how patients perceive their
functioning, how they perform activities, how active they are, and
how they perform activities in their natural environment. Such
answers may help surgeons to decide which aspects of physical
function should be the focus of rehabilitation. Therefore, we
examined whether three different aspects of physical functioning
(perceived physical functioning, functional capacity, and actual
daily activity) increased 4 years after THA/TKA compared to 6
months postoperatively.
2. Patients and methods
2.1. Patient enrollment
The 77 (35 hip, 42 knee) patients who participated in our previous study [10] and
for whom both preoperative and 6-months’ postoperative measurements were
available, were invited to participate in the present study.
In the previous study, the following exclusion criteria were used: >80 years,
wheelchair-bound or not living independently, OA in contralateral hip or knee
requiring surgery within 6 months, co-morbidities other than OA that could affect
level of actual daily activity, residing more than 1.5 h away from the medical center,
insufﬁcient command of the Dutch language, and uncertain whether they would be
available for follow-up measurements [10]. For the present study, patients were
excluded if they had THA/TKA during the prior 12 months, revision of a primary
THA/TKA, or co-morbidities which affect physical functioning. The local Medical
Ethics Committee approved the study and all patients signed an informed consent
agreement.
2.2. Measurements
All patients were measured nearly 4 years post-surgery (mean 45 months  3.7
months). For the present study, preoperative and 6-month postoperative data from the
previous study were used [10]. Physical functioning was measured using several
outcome measures.
2.3. Level of actual daily activity
The level of actual daily activity in the natural environment was objectively
measured using an AM [18]. The AM is based on body-ﬁxed accelerometers and a
portable recorder (Rotterdam Activity Monitor based on Vitaport technology,
Temec Instruments, Kerkrade, The Netherlands; size 15 cm  9 cm  3.5 cm,
weight 500 g) and is validated [18–22]. The AM is described in detail elsewhere
[18].
Brieﬂy, four accelerometers were used in the following conﬁgurations: two
sensors on the sternum and one sensor at each thigh. During standing, the sensors
on the thighs and trunk are sensitive to motion in the anterior–posterior direction.
The trunk sensor is also sensitive in the longitudinal direction. The accelerometers
are connected to a digital recorder worn in a padded bag around the waist.
Accelerometer signals were stored digitally on a personal computer memory card.
In addition, body motility was automatically calculated from each measured signal.
This value depended on the variability of the measured signal around the mean.
After the measurements were recorded, the data were downloaded to a personal
computer for analysis. The AM data were collected for 48 h. Data for the AM
measurements were calculated per day (24-h period) and averaged over two
measurement days. The level of actual physical activity was expressed as the
percentage of time the patient was active per 24 h (walking, cycling, climbing stairs
and general movement).
Patients were instructed to do their daily activities as usual, but not to use the
shower, because the AM is not water-resistant. The 48-h measurements were
recorded during consecutive weekdays. The follow-up measurements were taken
on patient work days or days off depending on whether the preoperative
measurements had been performed on a work day or a day off; i.e., the pre- and
post-operative measurements were performed on similar days.
2.4. Performance of activities in the home setting
Besides information on the level of actual daily activity, information on
performance of an activity (i.e., how the activity was performed) was also acquired
by the AM. Therefore, we also analyzed the performance of two frequently
occurring activities which OA patients report to be problematic: walking and rising
from a chair.For walking activity, two different outcome measures were calculated: body
motility [strongly related to walking speed (R = 0.88–0.90) [23,24] and expressed in
units of acceleration due to gravity (g)] during walking, and stride frequency
(strides/min). For each patient, 10 walking periods during the measurement period
were randomly selected and analyzed. The median body motility during walking
and the stride frequency of these 10 walking periods were computed for each
patient.
For the activity ‘rising from a chair’, two different movements were analyzed: the
sit-to-stand and the sit-to-walk movements. For the sit-to-stand movement,
patients stand for at least 1 s after rising from the chair. For the sit-to-walk
movement, patients begin to walk immediately after rising from the chair. For each
patient, 10 sit-to-stand and 10 sit-to-walk movements during the measurement
period were randomly selected and analyzed to calculate the duration of these
movements. Analysis was based on detection of the following events: start of trunk
movement (T1), end of trunk movement (T2), start of leg movement (L1), and end of
leg movement (L2). The non-affected leg was used to compute the duration of rising
from the chair. The total duration of movement was calculated as the length of time
between initiation of the chair-rising movement (derived from T1) and completion
of the movement (derived from T2 or L2).
2.5. Perceived daily functioning
Perceived functioning was measured with the Hip disability and Osteoarthritis
Outcome Score (HOOS) and the Knee injury and Osteoarthritis Outcome Score
(KOOS) questionnaires. Standardized response options were given and each
question was scored from 0 to 4. A normalized score (100 indicating the best score
and 0 indicating the worst score) was then calculated for each subscale [9,10].
2.6. Functional capacity
Functional capacity was expressed by the results of three tests (walking, stair
climbing, chair rising) performed at the outpatient clinic. The Six-Minute Walk Test
(6 MWT) was performed to quantify walking ability. This is a valid and inexpensive
clinical tool that involves recording the distance participants can cover while
walking indoors for 6 min. It has good test–retest reliability and has been used to
measure effectiveness of interventions in populations with knee OA [25,26].
Patients were allowed to use a walking aid.
We also measured how long patients took to perform ﬁve sit-to-stand
movements. Patients were asked to perform this task as fast as possible [27]
and were allowed to use their arms while performing these movements.
To assess stair climbing capacity, we measured how long the patients took to
ascend ﬁve steps, turn around, and descend [28]. The patients were allowed to use
the stair railing.
2.7. Statistical analysis
First, the data were tested for normality by using the Shapiro–Wilk test. Based on
these analyses, the results are presented as means and standard deviations, or as
medians and minimums and maximums.
Then, 6-month data of patients participating in the present study were compared
with data of the excluded patients and of patients choosing not to participate.
Differences between these patients were evaluated by the independent t-test (if
normally distributed) or by the nonparametric Mann–Whitney U-test.
Differences between 6-month and 4-year postoperative data were evaluated by a
paired samples t-test (if normally distributed) or by the Wilcoxon test.
Data of 10 sit-to-stand and 10 sit-to-walk movements were converted to
ASCII ﬁles and imported and analyzed in a Matlab program (Matlab 7.1, The
MathWorks Inc., Natick, MA, USA). Results are presented for the total group and for
hip and knee patients separately. Statistical analyses were performed with SPSS
17.0 (SPSS Inc., Chicago, IL, USA). An alpha value of 0.05 was set as the level of
signiﬁcance.
3. Results
Forty-four patients (23 hip, 21 knee) participated in the study.
Four-year results were obtained for ‘perceived physical function-
ing’ for all 44 patients, for ‘functional capacity’ for 31 patients, and
for ‘actual daily activity’ for 29 patients (see Fig. 1).
We compared the patient characteristics and 6-month data of
the 44 enrolled patients with the excluded and non-participating
patients (Table 1). Six months post-surgery there were no
differences in age, gender, BMI, level of actual daily activity,
and performance of activities in daily living among the three
groups. However, the excluded patients more often had under-
gone TKA surgery, and the participating patients scored better on
some of the perceived physical functioning aspects and capacity
Assessed for eligibility (n = 77)
Non-participating (n = 10)
- Lost to follow up (n = 2)
- Refused to participate (n = 8)
Participating patients (n = 44)
- All measurements (n = 31)
- Questionnaires only (n = 13)
Two AM measurements not 
useful due to technical 
problems.
Excluded based on exclusion criteria
(n = 23)
Eligible (n = 54)
Fig. 1. Patient enrollment.
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found between the participating and non-participating patients.
However, participating patients seemed to have better scores on
the HOOS/KOOS subscales activities in daily living (ADL), sport
and recreation, and quality of life (QOL) (nearly signiﬁcant results)
(Table 1).
For the total group, the level of actual daily activity had not
increased (9.3  3.6%) 4 years post-surgery compared to the 6-month
postoperative results (9.6  3.0%; p-value 0.238). The patients spentTable 1
Patient characteristics and six-month follow-up results of the participating, excluded a
Participating
n = 44
Exc
n =
Group 1 Gro
Age, years 63.8  9.4 62
Gender, % women (n) 59.1 (26) 69
BMI, kg/m2 29.7  5.0 29
Arthroplasty, % hip (n) 52.3 (23) 26
Actual daily activity, level of actual daily activity
Movement related activity, % of 24 h 9.6  3.0 9
HOOS/KOOS
Pain 68.0  14.0 52
Symptoms 56.6  16.5 45
ADL 67.5  13.1 53
Sport and recreation 43.3  23.7 31
QOL 44.8  16.8 35
Functional capacity
6-Minute walk test, m 404.9  96.4 360
Chair rising, s 14.4  3.7 17
Stair climbing, s 8.4  2.7 9
Actual daily activity, performance of activities in home situation
Walking
Walking speed, body motility during walking, g 0.278  0.06 0
Stride frequency, strides/min 55.7  4.7 56
Chair rising
Duration of sit-to-stand movement, s 2.9  0.6 2
Duration of sit-to-walk movement, s 2.8  0.3 2
Values are presented as mean  standard deviation, unless otherwise indicated.
Signiﬁcant p-values are printed bold.
ADL: activities of daily living; BMI: body mass index; g: gravity; QOL: quality of life.signiﬁcantly more time lying and less time sitting at the 4-year
follow-up (44.7% vs. 37.5% lying; 31.2% vs. 38.1% sitting). For the hip
and knee patients separately, the same results were seen (Table 2).
In contrast, patients showed signiﬁcant improvement of
perceived physical functioning and functional capacity at the
4-year follow-up compared to 6 months. On the aspect of
how patients perform activities in daily life, different results were
seen. Patients needed less time to rise from a chair at the 4-year
follow-up compared to 6 months. However, the stride frequencynd non-participating patients.
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M.M. Vissers et al. / Gait & Posture 38 (2013) 310–315 313did not improve and the walking speed appears to have actually
decreased (Tables 3 and 4).
4. Discussion
Four years after THA or TKA, we found further improvement in
perceived physical functioning, in functional capacity, and in some
aspects of how patients perform activities compared to 6 months
post-surgery. These ﬁndings suggest that a follow-up of 6 months
is too short to evaluate the recovery after these procedures.
However, the level of actual daily activity did not increase 4
years post-surgery compared to 6 months post-surgery. Thus, it
seems that, despite effective surgery and improvements in the
perceived amount of pain, symptoms and physical functioning 4
years after THA/TKA, patients do not adopt a more active lifestyle
but remain less active than at 6 months post-surgery. This is
especially remarkable, because the participants of the current
study formed a relatively healthy study population. Therefore, our
data probably overestimate the actual recovery of physical
functioning in the overall group of persons after THA/TKA.
The results of this study are unique and give new insight into
the recovery of physical functioning after THA and TKA. First, only a
few studies have examined recovery of physical functioning using
follow-ups longer than one year after THA and TKA. Furthermore,
besides evaluating perceived physical functioning and functional
capacity to perform activities, actual daily activity in the natural
environment was also evaluated. To our knowledge, no previous
studies have evaluated actual daily activity in the natural
environment up to 4 years after THA and TKA. Therefore, our
results provide a more complete understanding of the recovery of
physical functioning after THA and TKA.
However, the present study has some limitations. Two previous
studies found that the best results were observed at one year post-
surgery and then declined thereafter up to 5 years post-TKA and 7
years post-THA [29,30]. Thus, we may have missed the peak of
physical functioning. Additional studies are needed to evaluate the
recovery of physical functioning at more time points to establish
when the peak result occurs.
Furthermore, of the 54 eligible patients, only 44 (79%) were
willing to participate (Fig. 1). The 6-month data show that the
patients who were willing to participate 4 years postoperatively
had better functioning than the patients who did not participate.
However, because we have no data for a 1-year follow-up (i.e.,
‘peak performance’), we do not know if the latter patients showed
further gains relative to the patients we have assessed at 4 years.
But, as stated before, even in our relatively healthy and (at 6
months) well-functioning cohort, the level of actual daily activity
did not increase 4 years post-surgery. Therefore, it seems unlikely
that the non-participating patients with a lower level of
functioning at 6 months post-surgery would have increased their
level of actual daily activity any more than the studied group. Thus,
despite the selection bias toward healthier participants, we think
the conclusions of our study are valid.
Another limitation could be related to the selected 48-h periods
for collecting AM data. A 48-h period is a relatively short interval,
and differences between days of the week could exist. However, all
patients were measured during weekdays (not weekend days), and
in the working population we performed all three measurements
on the same days; i.e., all measurements were done on a working
day or a day off. Only in eight patients did the working status
change at the 4-year follow-up compared to the preoperative
situation. Furthermore, we asked the participants whether the
measured days were representative of their other days, and all
patients responded afﬁrmatively. Therefore, we assume that
inﬂuences like day of the week, workday or day off did not have
had a signiﬁcant inﬂuence on our results.
Table 4
Data on perceived physical functioning, functional capacity, and performance of activities for hip and knee separately.
Hip Knee
Preoperative 6 months
postoperative
4 years
postoperative
p-Value
4 years vs.
6 months
Preoperative 6 months
postoperative
4 years
postoperative
p-Value
4 years vs.
6 months
Perceived physical functioning (total n = 44) n = 23 n = 21
HOOS/KOOS pain 41.5  17.5 73.0  8.3 91.5  7.1 <0.0001 32.4  13.7 62.9  16.9 87.8  18.1 <0.0001
HOOS/KOOS symptoms 40.2  19.1 70.2  8.9 76.1  22.7 0.218 38.8  18.3 42.3  8.6 82.7  15.0 <0.0001
HOOS/KOOS ADL 35.9  13.4 72.0  5.8 87.7  10.1 <0.0001 36.1  12.3 62.5  16.7 84.5  19.5 <0.0001
HOOS/KOOS sport and recreation 28.9  38.6 58.6  14.7 60.1  30.5 0.947 16.8  27.7 26.4  20.0 33.6  28.8 0.141
HOOS/KOOS QOL 34.8  33.2 53.0  16.5 81.8  14.9 <0.0001 34.5  20.2 36.2  12.6 64.0  24.1 <0.0001
Functional capacity (total n = 31) n = 16 n = 15
6 min walk test, m 298  107 413  89 541  151 <0.0001 339  103 417  80 585  103 <0.0001
Chair rising, s 19.8  5.5 14.2  4.0 12.6  4.6 0.040 18.3  7.8 14.0  2.7 11.9  3.2 0.022
Strair climbing, s 11.9  4.3 8.6  2.5 7.5  3.1 0.004 11.1  6.8 8.0  2.1 6.4  2.0 0.051
Actual daily activity, performance of activities in a home situation (total n = 29a)
Walking n = 15 n = 14
Walking speed, body motility during
walking, g
0.213  0.06 0.253  0.04 0.237  0.04 0.328 0.215  0.07 0.258  0.08 0.234  0.06 0.097
Stride frequency, strides/min 53.6  4.4 55.9  4.5 56.8  4.0 0.626 46.3  5.8 51.0  4.4 50.0  4.2 0.458
Chair rising
Duration of sit-to-stand movement, s 3.4  0.6 3.0  0.6 2.5  0.4 0.002 4.0  0.9 3.4  0.7 2.8  0.4 0.003
Duration of sit-to-walk movement, s 3.0  0.6 2.9  0.4 2.4  0.4 0.002 3.0  0.5 2.7  0.5 2.4  0.4 0.130
Values are presented as mean  standard deviation.
Signiﬁcant p-values are highlighted in bold.
a In 2 of the 29 patients, Activity Monitor signals at 6-month measurement had errors and performance of activities could not be analyzed.
ADL: activities of daily living; g: gravity; QOL: quality of life.
Table 3
Data on perceived physical functioning, functional capacity, and performance of activities.
Preoperative 6 months postoperative 4 years postoperative p-Value
4 years vs. 6 months
Perceived physical functioning (n = 44)
HOOS/KOOS pain 37.1  16.3 68.0  14.0 89.8  13.5 <0.0001
HOOS/KOOS symptoms 39.5  18.5 56.6  16.5 79.2  19.4 <0.0001
HOOS/KOOS ADL 36.0  12.7 67.5  13.1 86.2  15.2 <0.0001
HOOS/KOOS sport and recreation 23.1  34.0 43.3  23.7 47.4  32.3 0.338
HOOS/KOOS QOL 34.7  27.4 44.8  16.8 73.3  21.6 <0.0001
Functional capacity (n = 31)
6-Minute walk test, m 317  105 415  84 561  131 <0.0001
Chair rising, s 18.9  6.6 14.1  3.4 12.3  3.9 0.002
Strair climbing, s 11.6  5.5 8.3  2.3 7.0  2.7 0.001
Actual daily activity, performance of activities in home situation (n = 29a)
Walking
Walking speed, body motility during walking, g 0.214  0.06 0.256  0.06 0.236  0.05 0.060
Stride frequency, strides/min 50.0  6.3 53.4  5.0 53.4  5.3 0.929
Chair rising
Duration of sit-to-stand movement, s 3.7  0.8 3.2  0.7 2.7  0.4 <0.0001
Duration of sit-to-walk movement, s 3.0  0.5 2.8  0.5 2.4  0.4 0.001
Values are presented as mean  standard deviation.
Signiﬁcant p-values are highlighted in bold.
a In 2 of the 29 patients, Activity Monitor signals at 6-month measurement had errors and performance of activities could not be analyzed.
ADL: activities of daily living; g: gravity; QOL: quality of life.
M.M. Vissers et al. / Gait & Posture 38 (2013) 310–315314Despite some differences in scores between hip and knee
patients, the separate results were similar to the results of the total
group. Both hip patients and knee patients improved on perceived
physical functioning, functional capacity, and performance of
activities of daily life, but they did not improve on actual daily
activity level.
The question arises, why did the patients not become more
active 4 years after surgery? One explanation could be the age
component. It is known that people become less active as they age
[30], and the time interval of almost 4 years could inﬂuence the
activity level. In our results, we found no differences in activity
level between older and younger patients. The only difference we
found was that older patients spent more time lying down and less
time sitting compared to younger patients. This all indicates thatthere might be some age effect, but in a 4-year period this does not
fully explain why the patients did not become more active.
Another good explanation could be that patients had clinical OA
for numerous years and had adapted their lifestyle to the
limitations caused by the disease. From our study, we cannot
conclude if they are not physically able to change their lifestyle, or
whether it is a matter of habitual behavior which is difﬁcult to
change.
In conclusion, at 4-years post-surgery, patients further im-
proved on perceived physical functioning, capacity, and perfor-
mance of activities in their natural environment. However, even in
our relatively healthy study population the level of actual daily
activity did not increase 4 years postoperatively compared to 6
months; indeed, the patients actually became less active.
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